We investigate the loss-averse retailer's ordering policies for perishable product with customer returns. With the introduction of the segmental loss utility function, we depict the retailer's loss aversion decision bias and establish the loss-averse retailer's ordering policy model. We derive that the loss-averse retailer's optimal order quantity with customer returns exists and is unique. By comparison, we obtain that both the risk-neutral and the loss-averse retailer's optimal order quantities depend on the inventory holding cost and the marginal shortage cost. Through the sensitivity analysis, we also discuss the effect of loss-averse coefficient and the ratio of return on the loss-averse retailer's optimal order quantity with customer returns.
Introduction
Customer returns (returns of product from customers to retailers) are very common in the retail industry. For example, Wal-Mart provides full credit for customer returns under very broad circumstances. At the same time, customer returns are costly and problematic, especially for the perishable products. Due to increasing competition, hastened technological advancement, and rapidly changing market environments, perishable products are becoming more and more desirable [1, 2] . So, customer returns have been a challenge of supply chain management.
On the other hand, with a better understanding of peoples' own behavior, not only the assumption of rational man, which was the fundamental assumption of the economics, was questioned and criticized, but also the risk neutral assumption that often sets in the supply chain management has gradually been replaced by other decision-making properties. For example, some decision makers may belong to the risk aversion while some belong to the risk seeker [3] . As to the loss aversion, it may be the characteristic that belongs to all the decision makers [4, 5] . It has been proved by many experimental studies that risk attitude plays an important role in the supply chain members' decision makings [6, 7] . So, it is important to study the loss-averse retailer's optimal ordering policies for perishable product with customer returns.
Two streams of research are relevant to the work in this paper. The first is research on customer returns. Chen and Bell [8] address the simultaneous determination of price and inventory replenishment when customers return product to the firm and discuss the impact of customer returns on pricing and order decisions. Chen and Bell [9] further investigate a decentralized supply chain with customer returns and price dependent stochastic demand; they propose an agreement that includes two buyback prices to coordinate the supply chain. The other relevant literature is research on the ordering policies for perishable product considering the loss-aversion decision bias. Loss aversion is a basic view of the prospect theory of Kahneman and Tversky [10] . Loss aversion points that the sensitivities of the gains and losses are different, and the sensitivity of losses is higher. Schweitzer and Cachon [11] first studies the newsboy model of loss aversion. They found that, without considering the shortage cost, the newsboy of loss aversion has a less optimal order quantity than the newsboy of risk neutral under the same circumstances and, with the deepening of his loss aversion, the optimal order quantity will be less. Wang and Webster [12] expand the basic model of Schweitzer and Cachon [11] by taking the shortage 2 Mathematical Problems in Engineering cost into account. They also had sensitivity analysis to the parameters of the model and gain that if the shortage cost is small, the optimal order quantity for the newsboy of loss aversion is more than that for the newsboy of risk neutral; the optimal order quantity of the loss aversion newsboy model is increasing with wholesale price and decreasing with retail price, all of which features do not exist in the traditional risk neutral newsboy model. Recently, Chen et al. [3] consider a one-period two-echelon supply chain which consisted of a loss-averse retailer and a risk-neutral supplier and derive that the loss-averse retailer may order less than, equal to, or more than the risk-neutral retailer. In addition, they study the supply chain coordination and show that there always exists a Pareto contract compared with noncoordinating contracts. Li et al. [13] investigate a two-echelon supply chain composed of a risk-averse manufacturer and a risk-averse retailer under demand uncertainty in two different supply chain structures. They use the constant absolute risk aversion (CARA) function and game theory to build the models and analyze the effects of risk aversion on the supply chain's optimal price and quality decisions.
Although there are so many related papers about perishable product ordering policy with customer returns or with loss aversion, it still lacks for the integrated consideration by combining two of them together. Therefore, taking the customer returns and loss aversion into account in the research of the perishable products ordering policy can not only fill the gaps, but also become closer to the actual situations faced by managers when they are making ordering policies.
In this paper, we study the loss-averse retailer's optimal ordering policy for perishable product with customer returns. The remainder of this paper is organized as follows. In Section 2, we described the problem and assumptions. Section 3 studies the loss-averse retailer's optimal ordering policies for perishable product with customer returns. The impacts of parameters on the loss-averse retailer's optimal ordering policies are discussed in Section 4. Finally, we conclude our findings and highlight possible future work in Section 5.
Problem Description and Assumptions
In this paper, we consider a retailer who has the tendency of loss aversion when making decisions. He sells single-cycle products and commits that products can be returned with full refund during the sales period. At the end of the sales period, the return products and the remaining stocks are sold at a lower price than wholesale price and not allowed to return. The demand of these return products is independent on the demand of the normal products. We can statistically obtain from the historical data that the proportion of the customer returns, and assume as , where 0 ≤ < 1. We introduce the linear piecewise loss aversion utility function to characterize the tendency of the retailer's decision making; that is,
is the coefficient of the loss aversion, and > 1. 0 is the initial wealth of the decision maker. Without loss of generality, we set 0 = 0, which means the initial wealth of the decision maker is zero.
We assume that the loss-averse retailer's order quantity is . The customers' demand for the normal products is , which is a continuous, differentiable, and invertible random variable with probability density function (PDF) ( ) and cumulative distribution function (CDF) ( ). ( ) is nonnegative, strictly increasing and (0) = 0. ( ) = 1 − ( ) denotes the tail distribution. The unit retail price is and the unit wholesale price is , > . The unit selling price of the return products is V, V < . The shortage cost of per unit is . We assume that ( − V)(1 − ) ≥ − V. Otherwise, the loss-averse retailer will not want to sell products.
Modeling and Solutions
With stochastic demand and customer returns, the lossaverse retailer may face two situations: the actual demand is greater than the order quantity or the actual demand is less than the order quantity. Then we get that the retailer's profit, denoted by ( , ), is
Set − ( , ) = 0; we get that when ≤ , the breakeven point is 1 ( ) = ( − V) /( − V)(1 − ). That is, when the actual demand is less than the breakeven point < 1 ( ), the loss-averse retailer's profits are negative; when the actual demand is greater than the breakeven point 1 ( ) < < , the loss-averse retailer's profits are positive. Similarly, set + ( , ) = 0; we can see that when > , the breakeven point is 2 ( ) = [( − V)(1 − ) − ( − V) + ] / . That is, when < < 2 ( ), the retailer's profits are positive; when ≥ 2 ( ), the loss-averse retailer's profits are negative. Then, we get that the loss-averse retailer's expected utility function, denoted by [ ( ( , ))], is
As to the loss-averse retailer's optimal order quantity, the following proposition is obtained.
Proposition 1. The loss-averse retailer's expected utility function with customer returns is concave in . There is a unique optimal order quantity that maximizes the loss-averse retailer's expected utility with customer returns and satisfies the following condition:
Proof. Taking into consideration the retailer's breakeven
That is, the expected utility function [ ( ( , ))] is a concave function in .
Let [ ( ( , ))]/ = 0; we can get the stationary point * , which satisfies the following formula:
< 0, so the stationary point * is the only order quantity corresponding to the maximum expected utility. This completes the proof. When = 1, the loss-averse retailer becomes the risk neutral. Based on Proposition 1, we can derive the following corollary.
Corollary 2. (1) If
From Corollary 2, we can see that the relations between the loss-averse retailer's optimal order quantities with customer returns and the risk-neutral retailer's optimal order quantity with customer returns depend on the marginal holding cost and the marginal shortage cost.
As to the effect of customer returns, we can derive the following corollary from Proposition 1.
Corollary 3. The loss-averse retailer's optimal order quantities with customer returns are lower than the case without customer returns.
Corollary 3 means that customer returns will reduce the loss-averse retailer's optimal order quantities with customer returns.
Discussion
In this section, we will discuss the effect of relevant parameters on the loss-averse retailer's optimal order policies with customer returns. As to the effect of the coefficient of loss aversion on the loss-averse retailer's optimal order quantity, the following proposition is obtained.
Proof. For Proposition 1, we can get that *
* is decreasing in . This completes the proof.
This proposition means that the loss-averse retailer's optimal order quantities with customer returns may be increasing (constant or decreasing) in the coefficient of loss aversion; it depends on the cost parameters.
As to the effect of shortage cost on the loss-averse retailer's optimal order policies with customer returns, the following proposition is obtained.
Proposition 5.
* is increasing in .
Proof. For Proposition 1, we obtain that *
That is, * is increasing in . This completes the proof.
From this proposition, we know that the loss-averse retailer's optimal order quantities with customer returns are the increasing function of the shortage cost.
As to the effect the proportion of customer returns, we can use a similar method of proof as Proposition 5 and get the following proposition.
Proposition 6.
* is decreasing in .
This proposition shows that the loss-averse retailer's optimal order quantities with customer returns are the decreasing function of the proportion of customer returns.
Conclusions and Future Research
In this paper, we consider the loss-averse retailer's optimal order policies with customer returns. The main conclusions are as follows.
(1) There exists a unique optimal order quantity that maximizes the loss-averse retailer's expected utility with customer returns. Customer returns will reduce the loss-averse retailer's optimal order quantities with customer returns. (2) The loss-averse retailer's optimal order quantities with customer returns are higher (equal or lower) than the risk-neutral retailer's optimal order quantity with customer returns, and the relations depend on relationship of the marginal holding cost and the marginal shortage cost. (3) The loss-averse retailer's optimal order quantities with customer returns may be increasing (constant or decreasing) in the coefficient of loss aversion. The relationship depends on the cost parameters. The loss-averse retailer's optimal order quantities with customer returns are increasing in the shortage cost and decreasing in the proportion of customer returns.
Our paper assumes that the demands for normal products and return products are independent with each other, which may have a certain relationship between them. Further research may investigate the cases when the two kind products are correlative. This paper is from the retailer's view, further study can extend to the view of supply chain. Customer return is investigated in this paper to hedge the demand risk, and other supply chain risk hedge tools, such as option contracts [1, 3] , transshipment [14] , can be taken into consideration in the future. Another natural extension of our work is to consider more general supply chains, such as multiple supplier and/or multiple retailer models [15, 16] .
